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Medical devices coated with Organo-Selenium inhibit bacterial
and cellular attachment
Abstract
Recent work using organo-selenium compounds has shown that when these compounds are attached to
medical devices, bacterial attachment can be inhibited. The coating varies depending upon the device.
With contact lenses, the organo-selenium compound is at- tached to groups on the surface of the contact
lens by a covalent bond. In the case of cellulose/bandages, an organo-selenium polymer was coated on
the bandage. The selenium compound forms covalent bonds within the polymer. In the case of
intra-ocular lenses (IOL) the selenium was also attached to chemical residues on the surface of the lens.
For the selenium coated contact lens and the bandage, it was found that the different materials were
resistant to the attachment of both gram-negative and gram-positive bacteria. In some cases over 8 logs
of inhibition was observed. It was also found that although the selenium coatings were able to inhibit the
attachment of bacteria, in the case of the contact lenses, no effect was observed on the underlying
corneal epithelial cells. This was because the mechanism of the inhibition was due to the generation of
superoxide radicals by the attached selenide residues. However, as seen with selenium coated IOLs,
mammalian cell growth is inhibited on its surface since the cells must form intimate contact with the
selenium.
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Abstract
Recent work using organo-selenium compounds has 
shown that when these compounds are attached to 
medical devices, bacterial attachment can be inhibited. 
The coating varies depending upon the device.  With 
contact lenses, the organo-selenium compound is at-
tached to groups on the surface of the contact lens by 
a covalent bond.  In the case of cellulose/bandages, an 
organo-selenium polymer was coated on the bandage.  
The selenium compound forms covalent bonds within 
the polymer.  In the case of intra-ocular lenses (IOL) 
the selenium was also attached to chemical residues 
on the surface of the lens. For the selenium coated 
contact lens and the bandage, it was found that the 
different materials were resistant to the attachment of 
both gram-negative and gram-positive bacteria.  In 
some cases over 8 logs of inhibition was observed.  It 
was also found that although the selenium coatings 
were able to inhibit the attachment of bacteria, in the 
case of the contact lenses, no effect was observed 
on the underlying corneal epithelial cells.  This was 
because the mechanism of the inhibition was due to 
the generation of superoxide radicals by the attached 
selenide residues.  However, as seen with selenium 
coated IOLs, mammalian cell growth is inhibited on 
its surface since the cells must form intimate contact 
with the selenium. 
Introduction
Selenium Chemistry:
The organic chemistry of selenium is very similar 
to the organic chemistry of sulfur.  It forms covalent 
bonds with carbon and the predominant species found 
in nature is selenium with two bonds to carbon.  This 
is primarily as two single bonds.  The following reac-
tions demonstrate some of the types of reactions that 
are found for selenium compounds in the formation of 
organo-selenium molecules.  
CN-Se-Na+  + CH3-CH2-Br     CN-Se-CH2-CH3
     The above cyanato selenium compound can react 
in aqueous solution with a thiol compound to form a 
seleno-sulfur compound.
CN-Se-CH2-CH3  +   R-SH    R-S-Se-CH2-CH3
 
     The mixed seleno-sulfur compound can react with 
a second thiol to form a diselenide and a free selenol.
 R’-SH + R-S-Se-CH2-CH3  R’S-S-R  +  H-Se-CH2-
CH3
Since the pKa for the selenol or selenocysteine is 5.2 
while the pKa for cysteine is over 8, the selenium 
atom is ionized at physiological pH while the sulfur 
atom is fully protonated.  Thus, most selenols (R-SeH) 
are fully ionized and exist as R-Se-.
Selenium as a selenol in aqueous solution also has the 
ability to become oxidized by free oxygen.  This reac-
tion results in the formation of a superoxide radical 
and a selenium radical.  A possible reaction scheme  
(below) showing the additional reaction of the sele-
nium radical with a free thiol and demonstrates  how 
selenium can be reduced by thiols.  The scheme shows 
how selenium can catalytically produce superoxide 
radicals in aqueous solution in the presence of free 
thiols.  
 R -S e -  +  O 2 R S e .  +  O 2.-.-
R ’-S -
R -S e-S -R ’ R -S e-S -R ’  + O 2.-
R ’-S -
R ’-S -S -R ’
.
O 2
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This chemistry demonstrates how selenium can cata-
lytically produce superoxide radicals that would be 
toxic to cells.  
Selenium Nutritional Requirement:
The other side of the selenium story is that selenium 
is an essential element for life.  A dietary dosage of 
55 ug/day is the recommended dietary allowance for 
adults.  As early as 1973 it was demonstrated that sele-
nium is an essential element in the enzyme glutathione 
peroxidase which plays a major role in protection of 
the body against oxygen radicals [1]. In the genetic 
code, UGA serves as a stop signal and as a signal to 
incorporate selenocysteine into a protein.  Recently 
it was demonstrated that the human selenoproteome  
contains 25 selenoproteins [2]. 
                      Control
           Selenium Coated
Figure 1. Scanning electron microscopy of control and 
selenium coated contact lens in the presence of Staph-
ylococcus aureus for 24 hours.
              Control
      Selenium Coated
Figure 2. Scanning electron microscopy of control and 
selenium coated contact lens in the presence of Serra-
tia marcescens for 24 hours.
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                    Control
               Selenium Coated
Figure 3. Scanning electron microscopy of control 
and selenium coated contact lens in the presence of 
Pseudomonas aeruginosa for 24 hours.
A dietary lack of selenium in the diet has been im-
plicated in many diseases.  The original work on the 
dietary requirement of selenium was carried out by 
Klaus Schwarz in 1957 [3]. Schwarz found that rats 
whose diet was deficient in selenium developed a fatal 
dietary liver necrosis.  In 1976 it was discovered by 
Richard Ham, that selenium was an essential element 
for the growth of human cells in culture when they 
were grown serum free [4].
Biofilms:
While biofilms were first discovered by Van Leeu-
wenhoek when he scraped plaque from his teeth, their 
predominance were not fully appreciated until the 
work of Costerton in 1978 [5].  His theory was, “The 
majority of bacteria grow in matrix-enclosed biofilms 
adherent to surfaces in all nutrient-sufficient aquatic 
ecosystems and that these sessile bacterial cells dif-
fer profoundly from their planktonic (floating) coun-
terparts [6].”  Costerton showed how these sessile 
populations account for most physiological processes 
in all ecosystems [7].  They showed how biofilms are 
resistant to attack by white blood cells and are also 
resistant to antibiotics and many methods of bacte-
rial removal.  In the body biofilms can form on any 
implanted material and in this form cause most of 
their damage in the human body with great resistance 
to any form of attack from either the host’s natural 
defense mechanisms or externally applied agents [6].  
Thus, the inhibition of biofilm formation is of prime 
importance for any implanted medical device or even 
surface materials such as bandages and contact lenses.
Because of the importance of this biofilm problem 
many different attempts have been made to block the 
formation of biofilms on the surface of medical devic-
es.  This review will discuss the results of the use of 
covalently bound organo-selenium molecules to block 
biofilm formation on these devices.  In addition it will 
be shown that these same molecules can also inhibit 
the growth of mammalian cells on these same devices.
 
Discussion
This work was based carried out to develop covalently 
bound selenium-based coatings for medical devices to 
prevent bacterial attachment and colonization that can 
lead to biofilm formation and device related infection.  
Most antibiotics do not work well against biofilms 
because the cells are in a dormant state. Thus, their 
metabolism is shut down, and they do not interact with 
the antibiotic. However, we have demonstrated that 
selenium can effectively kill bacteria at 4oC. Thus, 
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selenium’s mechanism of action does not require the 
cells to be metabolically active.  Additionally, unlike 
other biocidal agents that generate reactive oxygen 
species, such as silver ions, selenium can be covalent-
ly attached to various materials with no loss of catalyt-
ic activity. Polymers with attached selenides generate 
superoxide in a dose dependent manner in biological 
solutions. Since it is catalytic (see reaction below), the 
covalently attached selenium compound will remain 
on the surface and be active permanently, unlike con-
ventional eluting coatings that are often gone within 
30 days and that can elicit deleterious systemic effects. 
                     Control
 
 
     0.2 % Se-AAEMA coating
Figure 4. Scanning electron microscopy of control 
and selenium coated CD/bandage in the presence of 
Pseudomonas aeruginosa for 24 hours.
Selenium coated contact lenses:
World wide, over 250 million people wear contact 
lenses. When contact lenses were first worn, they were 
required to be taken out daily for sterilization and re-
moval of accumulated protein and lipids discharged by 
the eye.  An additional problem of these early lenses 
was poor oxygenation of the cornea, caused by occlu-
sion with the early impermeable hard acrylic lenses. 
This also limited wearing time. More recently new 
silicon hydrogel lenses provide greater oxygen transfer 
to the cornea.  Thus, longer term 30-day wear is now 
permitted by the FDA.  However, bacterial infections 
that cause acute red eye or even corneal ulceration are 
still a clinical concern [8].
Bacterial biofilm often forms on the surface of contact 
lenses that are in contact with the human cornea.  This 
biofilm determines the success of contact lens wear 
and has been studied for decades.  Two types of stud-
ies have been carried out on this problem.  One set of 
studies that have looked at the characteristics of the 
bacterial biofilm in asymptomatic patients, while other 
studies that looked at biofilm formation in patients 
with acute red eye or infection.  These studies used 
culture techniques or scanning electron microscopy 
(SEM) to look at the bacteria that are loosely and/or 
tightly bound to contact lenses taken from asymptom-
atic patients (9-16).  It was found that the make up and 
density of bacterial biofilm did not change with chang-
es in the contact lens material[12,13]. When lenses are 
worn for extended time periods, acute inflammatory 
reactions or infections have been reported to be associ-
ated with bacterial biofilm formation on the surface of 
these lenses. [17-25]
Since bacterial biofilms on contact lenses are closely 
associated with acute red eye and corneal infections, 
a contact lens coating of selenium (Se) was explored.  
It was proposed that the selenium catalyzed genera-
tion of superoxide on the surface of the contact would 
inhibit the formation of biofilms.  It was also proposed 
that since the superoxide radical has a very short half-
life  (micro-seconds) that it would not cause any harm 
to the underlying cornea since it would not be able to 
reach these cells in sufficient quantity to cause any 
damage.  
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                         Control
 
     0.2 % Se-AAEMA coating
Figure 5. Scanning electron microscopy of control 
and selenium coated CD/bandage in the presence of 
Staphylococcus aureus for 24 hours.
Results of contact lens
Studies on the effects of a selenium coating on a 
contact lens have been reported by Matthews et al., 
2006 [26].  For these experiments contact lenses were 
coated by covalently binding selenocystamine to free 
carboxyl groups on the surface of the lens.    It was 
found that the surface of a contact lens coated with 
selenium is catalytically active in vitro, producing su-
peroxide as detected by lucigenin chemiluminescence. 
The lenses were then placed in a bacterial broth and 
bacteria was allowed to grow for 24 hours.  Scanning 
electron microscopy studies were carried out to de-
termine whether the selenium modified hydrogel lens 
prevents in vitro attachment of Staphylococcus au-
reus, Pseudomonas aeruginosa or Serratia marcescens 
biofilms.  A comparison between uncoated lenses and 
controls can be seen in the Figures 1,2 and 3.  
As can be seen in the lenses above, the selenium coat-
ing inhibits the formation of biofilms on the lenses.  
The only material seen on the selenium coated lenses 
is bacteria that is dying.  Probably from apoptosis.
The above lenses were also placed in rabbit eyes for 
60 days.  The coated selenium lens caused no detect-
able changes in the cornea of New Zealand white 
rabbits coated with selenium for the 60 day period.  
This was determined by measuring the total corneal 
thickness and corneal epithelial thickness when com-
pared with a control lens treated cornea.  No statisti-
cal difference was observed.  In addition, scanning 
electron microscopic studies observed no difference 
in the junctions between the corneal epithelial cells 
under the selenium treated contact lens compared with 
the normal lens.  Histology was performed on the eyes 
of the rabbits and no effect  was observed.  Thus, the 
superoxide radicals produced by the selenium coated 
lenses were not able to damage the corneal epithelium. 
This is because of the short half-life of the superoxide 
radical.
Cellulose/bandages:
The attachment of selenium or selenium-AAEMA (a 
selenium methacrylate polymer) to a cellulose disc 
(CD) or bandage was done as previously described 
(27).  Briefly, the attachment was initiated by the addi-
tion of 3% H2O2.  The CD/bandage was then cured by 
heating at 66oC followed by several steps of washing 
in Phosphate Buffered Saline (PBS). The CD/ bandage 
were dried at 37oC and stored at room temperature for 
several weeks. 
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We examined biofilm formation by the gram negative 
pathogen Pseudomonas aeruginosa on untreated (con-
trol) CD/ bandage and selenium coated CD/ bandage 
using the colony forming unit (CFU) assay as well 
as scanning electron microscopy (SEM).  In the CFU 
assay, the biofilms were developed on the CD/ ban-
dage for 24 or 48 hours.  The CD/ bandage were then 
suspended in PBS and vigorously vortexed to detach 
the biofilm from the surface.  The planktonic cells 
were then serially diluted (10 fold serial dilution) in 
PBS and aliquots of each dilution were spotted on nu-
trient agar plates.  The plates were incubated at 37oC 
overnight and the number of colonies was counted.  
The numbers were then calculated to determine the 
CFU per CD/bandage.  As shown in Figure 4, at 0.2% 
concentration, selenium produced complete inhibi-
tion of P. aeruginosa biofilm.  While SEM analysis 
revealed that on the control CD/bandage, P. aeruginosa 
produced a mature well-developed biofilm.  We also 
examined the effect of selenium coating on the de-
velopment of biofilm by the gram positive pathogen 
Staphylococcus aureus.  As shown in Figure 5 a well-
developed biofilm was detected on the control CD/
bandage.  However, no biofilm was detected on CD/
bandage that was treated with 0.2% selenium (Fig. 5).  
Theses results demonstrate that selenium treatment of 
a CD/bandage prevents the development of biofilm by 
both gram negative and gram positive pathogens. 
 
IOL:
A study on the use of a selenium coated intraocular 
lens in order to block secondary cataract formation 
was recently reported by Pot et al. (2009) [28].   Pos-
terior capsule opacification (PCO) is the most com-
mon long-term complication [29].  This is caused by 
lens epithelial cells growing on the posterior capsule 
and the intra-ocular lens (IOL) that is inserted after 
cataract surgery.  The incidence of of PCO increases 
with time to reach 28.4% at five years after surgery in 
humans [29] and to between 62 to 100% for canines 
[30,31].  The study by Pot et al. (2009) [28], tested 
whether organo-selenium (selenocystamine) attached 
to the surface of an IOL can inhibit the formation of 
epithelial cell migration on to the surface of the lens.
Since PCO in humans and dogs shows similar his-
tological and immunohistochemical features [32], a 
canine lens capsular bag assay  [33], was used as a 
model system to test the ability of a organo-selenium 
lens to inhibit PCO.  For these studies selenocystamine 
was covalently attached to pieces of poly(HEMA) 
[poly(2-hydroxyethyl methacrylate)].  These selenium 
coated pieces and untreated pieces were then placed 
into canine lens capsular bags for the assay.  The bags 
were incubated in growth media for 10 days at which 
time a majority of the control samples had approached 
confluence of lens epithelial cells.  The cells were 
monitored by use of phase contrast microscopy and 
assigned scores.  This approach is diagramed in Figure 
6.  As can be seen in the diagram, the IOL rests against 
the lens capsule and inhibits the migration of cells 
under the IOL in the case where the IOL is coated with 
selenium. 
Figure 6 .  This diagram shows how the IOL is placed 
into the lens capsule to inhibit cellular growth by the 
lens epithelial cells.  The insert shows how the super-
oxide generated by the selenium coated IOL would 
cause apoptosis in the lens epithelial cells.
The results of the canine lens capsular assay are seen 
below in Figure 7.  This data shows that the selenium 
treated lens blocked all growth under the IOL, while 
the untreated lens allowed almost as much growth as 
the lens capsule that had no lens in it.  Thus, the only 
growth on the lens capsule with the selenium treated 
IOL was around the outside of the IOL.  This indicates 
that the selenium had no effect on the cellular growth 
at a small distance from the lens.  
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Figure 7   This graph shows the average results for a 
selenium treated lens, a non treated lens and no lens 
on epithelial cell growth on the lens capsule.  There 
were 6 lens capsules for the selenium treated lens, 7 
lens capsules for the control lens and 8 lens capsules 
for the empty lens capsule.  The scoring was based 
upon the following:  1. Clear capsule; 2. Less than 
25% covered; 3. 25-50% covered; 4. 50-75% covered; 
and 5. 75-100% covered.  
In other experiments the selenium coated lenses were 
soaked in tissue culture media for 5 days.  At the end 
of this time this media was used to treat primary lens 
epithelial cells growing on capsular bags.  It was 
found that even soak solution from lenses coated 
showed no toxicity after 24 hours to the canine lens 
epithelial cells.
Conclusion:  
From the above studies it can be seen that Selenium 
coatings for both contact lenses and CD/bandages 
can completely inhibit the formation of both gram 
positive and gram negative bacteria.  In the case of 
the contact lenses, this was a single monolayer of 
selenium molecules on the lens and on the bandage it 
was a 0.2% (selenium) layer of selenium containing 
AAEMA polymer.  In the case of the IOL study it was 
shown that an IOL coated with a a single monolayer of 
selenocystamine was able to inhibit the growth of lens 
epithelial cells on the IOL but not to inhibit normal 
lens epithelial cell growth in culture.  This demon-
strates that selenium coating are gentle to mammalian 
cells growing near a medical device but are toxic to 
bacterial cells trying to form a biofilm on the device.
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